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(57) ABSTRACT

An air-gap HCF connector termination method and connec-
tor assembly for factory and field connector assembly ter-
mination for patch cables and trunk cables made from HCF,
where in multitude of mechanisms can facilitate air-gap
between the first and second HCF fiber end-faces, compris-
ing preparing the HCF end-faces using appropriate cleaving
methods including mechanical, ultrasonic and laser cleav-
ing, such that the air-gap separation between first and second
HCF’s can be anywhere between 0.5-100 microns, where
reflection at the connector interface is low with RL>35 dB,
due to HCF propagation mode effective index matching with
index of air.

11 Claims, 8 Drawing Sheets
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1
HOLLOW CORE FIBER AIR-GAP
CONNECTOR

FIELD OF INVENTION

The present invention relates to the field of optical net-
work interconnections and optical assemblies and, more
specifically, to factory and field termination of hollow core
optical fibers that are commonly used in low latency net-
works.

BACKGROUND AND PRIOR ART
EVALUATION

For some high speed link applications, such as high speed
trading, reducing link latency has become very critical. One
of the ways to reduce the latency drastically is to change the
fiber waveguide, where the core is no longer glass with
higher refractive index compared to silica glass cladding,
but instead the core is hollow core, air-gap. Hollow Core
Fibers (HCF) have been proposed, modeled and developed
in the last ten years or so. Initial HCFs had very high
attenuation and it was difficult to use them in telecom/
datacom applications with reaches of hundreds of meters or
more. Recently, with design and manufacturing optimiza-
tions, fiber attenuation is reduced to a reasonable level,
where these fibers find applications especially in high speed
trading. FIG. 1 shows several different HCF constructions.

One key aspect of HCF’s is that the fundamental propa-
gation mode effective index of these special optical fibers are
very close to plane wave propagation in air, and therefore
HCF-air interface has a very small reflection, therefore very
high RL. For example, the refractive index of a commer-
cially available HCF measured by the authors of this dis-
closure is n,,~1.000476. Due to Fresnel reflection based on
this refractive index, RL is 72 dB, Air-gap connectors with
HCF can potentially achieve very high RL, levels that are
only possible with glass fiber APC connectors.

One significant problem with these fibers is the difficulty
of terminating them with various optical connectors, such as
MTP, LC, CS and SC. Currently, most manufacturers splice
HCF’s to standard compliant single mode fiber to terminate
HCEF trunk cables. The problem with this is when connected
together by a splice, the air core of HCFs and core refractive
index of standard SMFs have significant index mismatch
and this results in significantly high connector reflections or
significantly low return loss. High speed applications using
single mode transceivers cannot operate reliably when chan-
nel reflections are high, therefore HCF connectors must be
optimized to reduce reflections due to index mismatch.

In this disclosure, we describe a simple method to easily
terminate HCFs in any of the industry standard connector
types in the field. The simple method relies on cleaved HCF
and a method to create recess at the ferrule end so adjoining
HCFs do not touch each other in a non-contact recessed
connector. Due to the brittle nature of HCF’s, end-face
preparation by polishing is not easy and not practical for
most HCFs because of collapsing air holes and polishing
debris getting inside the air holes in the fiber core. However,
for connecting two HCFs together, physical contact based
connectors are not necessary because the effective index of
HCFs are very close to index of air and therefore there is no
reflection at the HCF-air-HCF interface.

It is not possible to connect the disclosed HCF recessed
field terminable connector directly to high speed optical
transceivers because transceivers are designed to minimize
reflection when standard glass single mode fiber connectors
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are used. However, as shown in FIG. 2, an optical network
cabling channel may be comprised of multiple trunk cable
sections. At each connection location at midpoint sections,
connectors built by the disclosed field termination method
can be used. The patch cords at the midpoint sections can
also be built using the disclosed method. Disclosed recessed
fiber termination significantly reduces connector insertion
loss because the method allows to connect similar fibers
together, as opposed to dissimilar fibers in the current
methods used. The return loss of the connectors based on the
disclosed method is also very high, because of the index
matching of HCF with air-gap between the HCFs.

SUMMARY

An air-gap HCF connector termination method and con-
nector assembly for factory and field connector assembly
termination for patch cables and trunk cables made from
HCF is disclosed. Multitude of mechanisms can facilitate
air-gap between the first and second HCF fiber end-faces.
The method includes preparing the HCF end-faces using
appropriate cleaving methods including mechanical, ultra-
sonic and laser cleaving, such that the air-gap separation
between first and second HCF’s can be anywhere between
0.5-100 microns, wherein reflection at the connector inter-
face is low with RL.>35 dB, due to HCF propagation mode
effective index matching with index of air.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows SEM images of different hollow core fiber
designs.

FIG. 2 shows some typical channel configurations.

FIG. 3 shows a first embodiment of a field terminable
recessed HCF connector and assembling method.

FIG. 4 shows a second embodiment with cleaved end-face
of HCFs.

FIG. 5 shows a third embodiment of a field terminable
recessed HCF connector and assembling method, using
ferrule with a stop at the end-face side, to provide the
air-gap.

FIG. 6 shows a fourth embodiment with a spacer inside
split sleeve of a “normal” connecter adapter creates air-gap.

FIG. 7(a) shows laser cleaving of HCF after fixing the
fiber in ferrule with epoxy.

FIG. 7(b) shows “scribed” cleaving of HCF after fixing
the fiber in ferrule with epoxy.

FIG. 8 shows terminating an HCF connector with normal
single mode fiber, APC connector.

DESCRIPTION OF THE INVENTION

The disclosed invention is a method to factory and field
terminate HCFs, with and without polishing. Existing field
termination connector assemblies can be used with this
method.

The authors of this disclosure describe several embodi-
ments and termination methods for HCF air-gap connectors.
In one embodiment as shown in FIG. 3, the cleaved HCF is
attached inside a ferrule with the help of an end-cap 101, to
achieve the desired fiber end-face recess. The HCF is
cleaved using an appropriate method protecting the integrity
of the hollow core structure of the fiber at the end-face.
Mechanical, ultrasonic and laser cleaving methods can be
used for cleaving. Due to the sensitive nature of end-face, if
possible, end-face can be left un-polished. Un-polished
end-face may impact the air-gap separation, but otherwise it
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will not impact the connector IL. and RL significantly. If the
end-face must be polished, care must be applied due to the
brittle nature of air hole structures of HCFs. A special
polishing method has to be developed to facilitate removing
cleaving artifacts, especially from the perimeter of the fiber
end-face, where the glass is usually continuous and without
air holes. Methods to remove small size glass debris and
water or other polishing liquid from the air holes is neces-
sary for the integrity of the polished HCF end-face. FIG. 4
shows cleaved end-face examples of two different commer-
cially available HCFs studied by the authors.

In one embodiment, end-cap 101 can be secured to the
ferrule with rubber-padded screws 102. With the use of
appropriate epoxy and syringes, the fiber can be secured
inside of the ferrule with a suitable recess distance from
ferrule end-face. 100 is the resultant connector ferrule with
recessed cleaved HCF. With this embodiment a normal
connector adapter can be used because the ferrule end-face
will provide necessary contact force.

In another embodiment, the fiber recess is created using a
special ferrule design feature where a reduced inner bore
diameter 220 is created at the end-face of the ferrule to act
as a stop for cleaved HCF end.

In another embodiment, fiber can be cleaved without any
recess and the air-gap is created using a spacer in connector
body or inside the adapter body. One example of this
embodiment type is shown in FIG. 6, where a spacer ring
320 with a center hole is placed inside the split sleeve 130.
The adapter is otherwise a normal standard compliant
adapter.

In another embodiment, bumps in the ferrule are used to
form spacers when mated to a second modified connector
ferrule, thus creating a controlled gap between mating fibers.
The bumps on first and second connector ferrules must have
a specific orientation to make sure they are aligned correctly.

Where the cleaved HCF end-face is not recessed, as in the
embodiment shown in FIG. 6, the cleaving can be done after
the fiber is inserted inside the ferrule and fixed with epoxy,
in at least two different ways. The first method is shown in
FIG. 7(a), where cleaving is performed using laser. Another
cleaving method is identical to current field termination,
where the fiber is “scribed” with a diamond knife edge, and
removed, as shown in FIG. 7(5). For laser cleaving, end-face
surface quality is good enough and no polishing is needed.
For scribing method, end-face must be polished, similar to
the polishing process used for regular glass optical fiber
connectors. Care must be taken to protect the hollow core
structure of HCF at the end-face while polishing. For
instance, choice of polishing paper is important. If a wet
process is used, material pushed in and absorbed inside the
hollow core structure must be sucked out.

The embodiments disclosed so far allow HCF to HCF
connectivity for HCF trunk cables and HCF patch cords. For
connecting directly to active equipment with optical trans-
ceivers, a transition to single mode fiber patch cord must be
included. Authors of this disclosure present an embodiment
of air-gap HCF connectivity, where an airgap HCF connec-
tor can be connected directly to a single mode APC con-
nector, as shown in FIG. 8. Because this method does not
utilize mode adapter, there will be some higher order mode
coupling into the single mode fiber. This can be removed
with a proper mode filter.

What is claimed is:

1. An air-gap HCF connector termination method and
connector assembly for factory and field connector assembly
termination for patch cables and trunk cables made from
HCF, where in multitude of mechanisms can facilitate
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air-gap between the first and second HCF fiber end-faces,
comprising preparing the HCF end-faces using appropriate
cleaving methods including mechanical, ultrasonic and laser
cleaving, such that the air-gap separation between first and
second HCF’s can be anywhere between 0.5-100 microns,
where reflection at the connector interface is low with
RL>35 dB, due to HCF propagation mode effective index
matching with index of air.

2. An air-gap HCF connector termination method and
connector assembly according to claim 1, wherein the con-
nector body type can be LC, SC, ST, FC and MPO style
connector.

3. An air-gap HCF connector termination method and
connector assembly according to claim 1, wherein the
desired air-gap is created by a recessed fiber end-face on the
ferrule end-face.

4. An air-gap HCF connector termination method and
connector assembly according to claim 3, wherein the fiber
recess is achieved using a mechanical fixture wherein a
special ferrule cap fixed on the ferrule before inserting the
cleaved HCF and before attaching it with epoxy creates the
needed fiber recess without damaging the cleaved HCS
end-face and a normal industry standard connector adapter
can be used for terminating two HCF connectors with
air-gap.

5. An air-gap HCF connector termination method and
connector assembly according to claim 3, wherein the fiber
recess is achieved using a modified ferrule with a mechani-
cal feature that creates a fiber stop when inserting the
cleaved end of the HCF inside the ferrule, where a normal
industry standard connector adaptor can be used for termi-
nating two HCF connectors with air-gap.

6. An air-gap HCF connector termination method and
connector assembly according to claim 1, wherein the
desired air-gap is created by a spacer inside the connector
body, connector adapter or the ferrule, where the cleaved
fiber end-face can be at the same plane as the ferrule
end-face before the spacer is applied.

7. An air-gap HCF connector termination method and
connector assembly according to claim 6, wherein the
desired air-gap separation is achieved using a spacer in the
form of a ring with hole in the center placed inside the
connector adapter split sleeve, where the remainder of the
connector adapter is identical to a normal industry standard
connector adaptor.

8. An air-gap HCF connector termination method and
connector assembly according to claim 6, wherein the end-
face cleaving is done after the un-cleaved, stripped fiber is
inserted in a normal ferrule, and fixed with epoxy, where
fiber is scribed, cleaved and polished, similar to normal glass
optical fiber end-face polishing.

9. An air-gap HCF connector termination method,
wherein an HCF connector according to claim 1 is termi-
nated with a normal single mode APC connector, where the
reflection on the APC side is minimized (RL>55 dB), and
where the HCF to SMF coupling loss is limited by the mode
mismatch between the HCF and SMF fundamental propa-
gation mode.

10. An air-gap HCF connector termination method and
connector assembly for factory and field connector assembly
termination for patch cables and trunk cables made from
HCF, wherein the gap is produced by using and end cap that
limits the distance between the inserted HCF and the end-
face of the ferrule, comprising preparing the HCF end-faces
using appropriate cleaving methods including mechanical,
ultrasonic and laser cleaving, and wherein the air-gap sepa-
ration between first and second HCF’s can be anywhere
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between 0.5-100 microns, where reflection at the connector
interface is low with R[.>35 dB, due to HCF propagation
mode effective index matching with index of air.

11. An air-gap HCF connector termination method and
connector assembly for factory and field connector assembly 5
termination for patch cables and trunk cables made from
HCF, wherein the gap is produced using a special ferrule
design feature where a reduced inner bore diameter, and/or
a series of bumps in the ferrule to act as a stop for cleaved
HCF, comprising preparing the HCF end-faces using appro- 10
priate cleaving methods including mechanical, ultrasonic
and laser cleaving, and where the air-gap separation between
first and second HCF’s can be anywhere between 0.5-100
microns, where reflection at the connector interface is low
with RL>35 dB, due to HCF propagation mode effective 15
index matching with index of air.
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